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Infections in neonates (newborn children aged until 28 d postpartum) have been known to cause significant mortality and long-term morbidity ([@CR1]). One of the most important infectious disease syndromes in newborns is neonatal sepsis, with an estimated incidence of 1.5% during the first 72 h of life ([@CR2]). Most infants with sepsis present with nonspecific signs and symptoms. The most common of these vague signs are temperature instability, lethargy, apnea, and poor feeding ([@CR3],[@CR4]). Neonates with respiratory tract infection can present with a clinical picture that is consistent with sepsis, in addition to more classical symptoms such as tachypnea and hypoxemia ([@CR5]).

The outcome of neonatal infections may be improved if illness is recognized early and appropriate antimicrobial agents are administered promptly ([@CR6]). If sepsis cannot be reasonably excluded on clinical grounds, blood cultures should be obtained and empiric antibiotics should be administered. Unfortunately, laboratory investigations are not always helpful, and cultures of blood or other tissues are often negative or not possible to perform. The early detection of a (viral) respiratory tract infection could be useful because it might reduce the use of antibiotics ([@CR7]).

Common pathogens causing respiratory illness in newborns are respiratory syncytial virus (RSV), influenza virus, adenovirus, rhinovirus, and parainfluenza viruses ([@CR2],[@CR3]). Less common pathogens, including the more recently identified bocavirus, have also been detected in infants with acute respiratory infection ([@CR7],[@CR8]). However, the prevalence of infection with respiratory pathogens in neonates, and therefore the extent of the clinical problem in this fragile pediatric population, remains largely unknown. Therefore, we aimed to determine the prevalence of respiratory pathogens, both viruses and some bacteria, among a population of neonates admitted to a neonatal medium care unit (NMCU) during a 1-y period. Secondary objectives were to compare the clinical course of neonates with and without respiratory pathogens and to identify risk factors and predictors for the presence of those pathogens.

Results {#Sec2}
=======

Patient Population and Characteristics {#Sec3}
--------------------------------------

From 1 October 2010 until 30 September 2011, a total of 334 neonates were admitted to the NMCU of our hospital and screened by nasopharyngeal aspirate for the presence of respiratory pathogens. Median age at hospitalization was 1.3 d, 53.6% were male, and the median duration of admission was 4 d. Eighty-eight children (26.3%) were delivered preterm (i.e., \<37 wk) and 99 (29.6%) were born after prolonged rupture of membranes (i.e., \>24 h). Three hundred and nine neonates (92.5%) were admitted to the NMCU within 72 h from birth, and they were almost exclusively admitted from hospital labor and delivery; the remaining 25 (7.5%) were mostly transferred from home, with some from other hospitals. Undifferentiated perinatal infection (i.e., perinatal infection of unknown origin) was diagnosed in 79 newborns (23.7%), whereas a diagnosis of perinatal sepsis was established in 5 (1.5%); antibiotics were given to 108 (32.3%). These and other relevant characteristics are summarized in [**Table 1**](#Tab1){ref-type="table"}. Of note, a specific diagnosis (i.e., infection or other diagnosis) was made for 227 neonates during admission; the remaining 107 neonates were merely clinically observed because of premature age (*n* = 21) or delivery complications (*n* = 86) such as prolonged rupture of membranes, cesarean section, assisted vaginal delivery, or maternal fever during delivery. As displayed in [**Table 1**](#Tab1){ref-type="table"}, 8 of 138 performed blood cultures (5.8%) were positive for bacterial pathogens. The following bacteria were cultured: *Staphylococcus aureus* (*n* = 2), *Staphylococcus epidermidis* (*n* = 2), *Micrococcus lylae* (*n* = 1), *Escherichia coli* (*n* = 1), *Streptococcus sanguis* (*n* = 1), and *Staphylococcus capitis* (*n* = 1).Table 1Characteristics of neonates (*n* = 334) admitted to a medium care unit (October 2010--September 2011)

The details regarding antibiotic duration and type have not been shown. An extended course of antibiotics (i.e., \>3 d) was administered to 77 of 108 neonates (71.3%) who received antibiotic treatment. Antibiotic treatment was guided by local protocols. Initial antibiotic treatment in the case of presumed sepsis or undifferentiated perinatal infection consisted of amoxicillin combined with gentamicin, followed by a switch from gentamicin to cefotaxim if antibiotic treatment had to be continued for more than 3 d. In the case of a diagnosis of meningitis being considered, flucloxacillin was added to the above-mentioned regimen. The antibiotic used in the case of community-acquired pneumonia was amoxicillin, and cefotaxim was used if the pneumonia was hospital acquired. The choice of antibiotics to be used was guided by the results of available positive microbiology culture reports.

Respiratory Pathogens Studied {#Sec4}
-----------------------------

[**Table 2**](#Tab2){ref-type="table"} demonstrates the study pathogens that were identified via real-time PCR (RT-PCR) on nasopharyngeal aspirates in all newborn children who were admitted during the 1-y study period to the NMCU department of our hospital. Overall, 37 pathogens were detected in 34 children, who comprise 10.2% of the total population. Mean cycle threshold (Ct) value of positive samples was 34.59 (SD 8.48). Twenty-one percent of study pathogens were identified in the month of December, with parainfluenza viruses being detected in 5 of 10 positive samples. Regarding the entire study period, parainfluenza-1 (*n* = 9), human rhinovirus (*n* = 7), parainfluenza-3 (*n* = 6), and RSV (*n* = 6) were most frequently detected. Human rhinovirus was the most frequently detected pathogen in October (three of four instances); parainfluenza viruses comprised almost half of the identified pathogens in November and December (7 of 15); and RSV showed its peak activity in January (four of six). Although *Streptococcus pneumoniae* (*n* = 3) had been detected as a bacterial pathogen by RT-PCR, blood cultures remained negative. Influenza B, parainfluenza-2, parainfluenza-4, human metapneumovirus, *Chlamydia pneumoniae*, *Mycoplasma pneumoniae,* and *Legionella* species were not detected at all. The two coronaviruses that were detected were human coronavirus OC43 and NL63. The simultaneous presence of two pathogens was observed in three children: all were positive for RSV combined with either human rhinovirus, human coronavirus OC43, or *S. pneumoniae*.Table 2Respiratory pathogens identified in neonates admitted to a medium care unit

Analysis of Variables Associated With Detection of Study Pathogens {#Sec5}
------------------------------------------------------------------

Demographic and clinical characteristics from [**Table 1**](#Tab1){ref-type="table"} were compared between neonates with RT-PCR positive for any study pathogen (*n* = 34) and those with a negative RT-PCR result (*n* = 300). From this univariate analysis, we identified seven statistically significant (*P* \< 0.05) predictor variables: age, late newborn admission (≥72 h postpartum), first gravidity, preterm delivery (\<37 wk), epidural anesthesia, rhinorrhea, and wheezing; these were subsequently added to a logistic regression model (see [**Table 3**](#Tab3){ref-type="table"} for statistics). In addition to these significant contributing variables, some nonsignificant differences (comparing the RT-PCR-positive and RT-PCR-negative groups) were observed with regard to other variables: male sex (67.6 vs. 52.0%; *P* = 0.083), median duration of admission (3 d vs. 4 d; *P* = 0.089), mean birth weight (3,366 grams vs. 3,144 grams; *P* = 0.089), and mean leukocyte count (14.7 × 10^9^/l vs. 17.5 10^9^/l; *P* = 0.066). The remaining characteristics from [**Table 1**](#Tab1){ref-type="table"} were comparable between the two groups, including diagnosis of undifferentiated perinatal infection (23.5% vs. 23.7%) and pneumonia (2.9% vs. 3.3%). The positive blood culture results (*n* = 8) were restricted to the group of neonates for whom nasopharyngeal samples were RT-PCR-negative for study pathogens.Table 3Risk of RT-PCR positive for respiratory pathogens per selected variable

To explore a possible association between the amount of virus detected in a positive sample and certain clinical characteristics, an arbitrary cutoff of the Ct value was used to compare neonates with higher viral loads (Ct \<35; *n* = 11) with those with lower viral loads (Ct ≥35; *n* = 23). Neonates with positive samples that contained higher virus concentrations were older (mean age 19 vs. 2 d; *P* \< 0.001), suffered more frequently from rhinorrhea (54.5% vs. 17.4%; *P* = 0.026), had a higher body temperature measured at admission (mean 37.4 °C vs. 36.9 °C; *P* = 0.018), had more abnormal sounds on lung auscultation (45.5% vs. 8.7%; *P* = 0.013), were more frequently diagnosed with bronchiolitis (36.4% vs. 4.3%; *P* = 0.014), and required more oxygen supplementation (36.4% vs. 8.7%; *P* = 0.048).

Because RSV infections can take a serious course in neonates, we specifically compared the clinical course of neonates with RT-PCR-confirmed RSV infection (*n* = 7) with those with positive results for other pathogens (*n* = 27); we found that duration of admission was significantly longer among those with RSV infection (median duration 7.5 vs. 3 d; *P* = 0.046). Other variables relating to clinical course, such as antibiotic therapy, oxygen supplementation, and ventilatory support, did not differ between the groups. Likewise, we compared the clinical course between neonates with RT-PCR-confirmed dual infection (*n* = 3) and mono infection (*n* = 31): although dual-infected children had significantly more nasal flaring (66.7% vs. 9.7%; *P* = 0.008), inter/subcostal retractions (66.7% vs. 12.9%; *P* = 0.020), and abnormal lung auscultation sounds (66.7% vs. 16.1%; *P* = 0.039), other relevant variables relating to clinical outcome (e.g., duration of admission), and illness severity (e.g., vital signs) were comparable between groups. Furthermore, none of the dual-infected neonates needed oxygen supplementation or (invasive) respiratory assistance.

In addition to comparing variables between neonates with and without a positive RT-PCR for study pathogens, another comparison was made based on presenting signs of respiratory infection (dyspnea, nasal flaring, rhinorrhea, and wheezing). Of 39 neonates with respiratory symptoms, 12 (30.8%) had a positive RT-PCR, whereas of 295 neonates without respiratory symptoms, 22 (7.5%) had a positive RT-PCR. The difference in proportion was statistically significant (*P* \< 0.001). Comparing neonates for whom a specific diagnosis was made during their hospital stay (*n* = 223) with those who were merely observed clinically (*n* = 107), the difference in RT-PCR positivity rate was not statistically significant (12.3% vs. 5.6%; *P* = 0.058). Of those neonates who required continuous positive airway pressure (*n* = 17), two (11.8%) were positive for any study pathogen; none who required mechanical ventilation (*n* = 6) had a positive RT-PCR.

[**Table 3**](#Tab3){ref-type="table"} summarizes the results of the logistic regression analysis. Odds ratios (ORs) were calculated and adjusted for age and sex to estimate the risk of a positive RT-PCR for study pathogens per included variable. After adjustment, two variables were identified as significant contributors to the model: age (OR 1.21 for each day older; 95% confidence interval 1.12--1.30) and symptoms of rhinorrhea (OR 6.71; 95% confidence interval 1.54--29.21). For rhinorrhea, we calculated the predictive characteristics of this symptom within our population: we determined a positive predictive value of 58.8% and negative predictive value of 92.4%.

Discussion {#Sec6}
==========

This prospective observational study describes a population of 334 neonates who have been admitted to the NMCU of our hospital in the period from 1 October 2010 until 30 September 2011. A respiratory pathogen was detected by RT-PCR on nasopharyngeal aspirates in a total of 34 newborn children (10.2%). Parainfluenza-1 (*n* = 9), human rhinovirus (*n* = 7), parainfluenza-3 (*n* = 6), and RSV (*n* = 6) were most frequently detected.

To our knowledge, this is the first study that determined the prevalence of respiratory pathogens among neonates admitted to a medium care unit. Other studies of neonates have been performed in neonatal intensive care units ([@CR8],[@CR9],[@CR10]), and are therefore not entirely comparable to our medium care unit population, which is generally considered to be a milder neonatal patient category. Moreover, these studies solely used immunofluorescence and/or culture, and the range of studied respiratory pathogens was different from and less extensive than ours. Other studies are even less comparable to our study because they have focused on selected pediatric populations of older children (up until 5 y of age) with an acute respiratory infection ([@CR11],[@CR12],[@CR13]). In our study population, parainfluenza virus was the most identified pathogen (15 of 37 detected pathogens), whereas most of the other studies have in common that RSV was the most frequently detected virus (RSV accounted for 6 of 37 detected pathogens in our study) ([@CR8],[@CR9],[@CR10],[@CR12],[@CR13]). Besides the study populations not being entirely comparable, another explanation for this discrepancy might be the fact that we had noticed a milder than usual RSV epidemic in the winter of 2010--2011 among children in our hospital in general.

RT-PCR has been used as the diagnostic method in our study, as opposed to other neonatal studies ([@CR8],[@CR9],[@CR10]). In a study comparing multiplex PCR assays and conventional techniques for diagnosing respiratory virus infections in children admitted to the hospital with an acute respiratory illness, PCR was more sensitive and had the advantages of a shorter delay in specific diagnosis and a lower cost than immunofluorescence or culture ([@CR14]). Another study concluded that RT-PCR for respiratory viruses was found to be a sensitive and reliable method in pediatric intensive care unit patients with lower respiratory tract infection, with a twofold increase in the diagnostic yield as compared with conventional methods ([@CR15]). However, a limitation of the use of PCR assays has been acknowledged by studies showing that asymptomatic carriage of a respiratory virus occurs frequently in young children ([@CR16]) and the presence of viral nucleic acids may not always reflect an association with infectious virus production ([@CR17]). This limitation most likely holds true for newborns as well, as is reflected by our findings showing that respiratory pathogens have been detected in 7.5% of neonates without respiratory symptoms. In addition, blood cultures remained negative in three children of whom nasopharyngeal aspirates tested positive for *S. pneumoniae* by RT-PCR in our study. Asymptomatic colonization with this specific bacterial pathogen has been demonstrated by Bisgaard *et al.* in 9% of neonates born from mothers with asthma ([@CR18]). In general, the Ct value may be of help in differentiating symptomatic from asymptomatic infections. Our data show that neonates in whom respiratory samples tested positive and contained lower Ct levels (i.e., higher viral loads) indeed were more often clinically ill than neonates with low viral loads. Regardless, our study design does not really allow us to draw conclusions regarding asymptomatic carriership because all the neonates from our population were hospitalized, and therefore we did not have a true "asymptomatic" comparison group.

We compared demographic and clinical characteristics between neonates with a positive RT-PCR for any study pathogen with those with a negative RT-PCR result, and found that seven variables showed statistically significant differences and therefore were potentially associated with the risk of a positive RT-PCR result for respiratory pathogens: age, late newborn admission, first gravidity, preterm delivery, epidural anesthesia, rhinorrhea, and wheezing. After adjustment for confounding, only age (OR 1.21 for each day older; 95% confidence interval 1.12--1.30) and rhinorrhea (OR 6.71; 95% confidence interval 1.54--29.21) remained significant contributors to an increased risk of RT-PCR positivity for study pathogens. The risk factors for infection have been most thoroughly characterized for RSV. Prematurity and young age have been shown to be independent risk factors for RSV-associated hospitalizations ([@CR19]). Birth at the onset of the RSV season and other environmental factors, such as the presence of (school-aged) siblings and day care attendance, have also been designated as significant risk factors for severe RSV infection ([@CR20],[@CR21]). Similar to the results from our unadjusted univariate analysis, a study in which newborns infected with a range of respiratory viruses were compared with newborns without infection showed that wheezing was one of the symptoms that was significantly more frequently noticed in the presence of respiratory virus infection ([@CR9]).

For neonates with a nonspecific syndrome of infection of unknown origin, there are currently no guidelines for the use of respiratory pathogen diagnostics. In clinical practice, these cases are usually regarded as possible sepsis and, after the collection of blood samples for bacterial culture, empirical antibiotics are then initiated to conform with guidelines ([@CR22]). However, antibiotics in neonatal infections, especially the frequent use of aminoglycosides, can lead to serious toxicity ([@CR23]). In addition, from a cost--effectiveness study, it has been shown that treatment of children aged 0--36 mo with lower respiratory tract infection causes a considerable economic burden, which is for the most part caused by (duration of) hospitalization ([@CR24]). Studies on the value of RT-PCR diagnostics in children have shown conflicting results as to whether the introduction of this method as a diagnostic tool for neonatal infection might be of benefit ([@CR25],[@CR26]). The results of our study, in which all pediatricians were blinded to the RT-PCR results, show that median duration of clinical admission was 1 d shorter among those neonates with a positive result (nonsignificant difference; *P* = 0.089). Other variables, relating to clinical course and outcome, were comparable between the two groups. Therefore, for neonates hospitalized with nonspecific signs and symptoms, the possible advantage of performing RT-PCR assays for the detection of respiratory pathogens remains to be elucidated. Of note here, we did show that positive blood cultures, which are considered to be the ultimate proof of bacterial infection, were not seen at all among neonates with a nasopharyngeal aspirate positive for respiratory pathogens as detected by RT-PCR. This might be a cautious argument in support of withholding antibiotics or decreasing their use when respiratory viruses as the etiological agents are detected using RT-PCR assays on respiratory samples.

There are some limitations of our study that need to be discussed. First, although we are the first to describe a neonatal population in a medium care setting, we have restricted ourselves to milder cases as compared with neonates admitted to an intensive care setting. It would be interesting and useful to repeat our research among unselected neonates who are hospitalized, irrespective of the intensity of the provided care. Another limitation is that we have identified only 34 neonates with a respiratory pathogen. Even though this comprises 10.2% of the total population, the absolute numbers that were used for the analyses are relatively small, especially when considering the detected pathogens separately. To increase the power to detect any relevant difference between groups, a longer follow-up period would be of added value. A last limitation is that our study design does not yet allow us to draw solid conclusions on the usefulness of RT-PCR, and therefore its role in clinical practice. Only a randomized controlled trial would give us definite answers.

In conclusion, this study has demonstrated that respiratory pathogens were present in 1 of 10 unselected neonates admitted to an NMCU. Parainfluenza viruses, rhinovirus, and RSV were most important with respect to frequency of detection. Increasing age and symptoms of rhinorrhea significantly contributed to an increased risk of detection of any respiratory pathogen. Therefore, practitioners might be advised to consider ordering respiratory viral/bacterial testing of nasopharyngeal specimens in neonates with rhinorrhea, especially when they are older. There was no significant difference regarding use of antibiotics or duration of hospital stay; however, pediatricians were blinded to RT-PCR results. The question of whether clinical management will be influenced by the knowledge of respiratory viruses being present in respiratory samples of newborn children remains to be answered.

Methods {#Sec7}
=======

Study Design and Population {#Sec8}
---------------------------

The design of the study was observational; data were prospectively collected from 1 October 2010 until 30 September 2011. During the study period, all neonates (i.e., both early and late newborn children aged until 28 days postpartum) who were admitted to the NMCU of the Slotervaart Hospital were consecutively included. Slotervaart Hospital is a 410-bed teaching hospital in Amsterdam, The Netherlands, serving a low- to middle-income urban population of about 140,000 inhabitants, consisting of 18% children and 49% ethnic minorities, most of them of Moroccan or Turkish origin. The study has been approved by the institutional medical ethics committee (METC Slotervaartziekenhuis en Reade); the committee judged that it was not necessary to ask the parents/caregivers for informed consent.

Data Collection {#Sec9}
---------------

Epidemiological and clinical data were collected by using an extensive standardized form. Electronic patient files were used to provide the required information. Data included demographic and general characteristics, pregnancy and delivery characteristics and complications, presenting symptoms, physical examination signs, diagnoses, and treatment. Additional laboratory and radiology investigations, including microbiology blood cultures, were performed at the full discretion of the responsible pediatrician, and the results of those investigations, if applicable, were also included in the database.

Respiratory Pathogens Studied {#Sec10}
-----------------------------

From all neonates, a diagnostic nasopharyngeal aspirate was collected as soon as possible after NMCU admission. Total nucleic acids were extracted from the clinical samples using the automated MagnaPureLC Isolation platform (Roche Applied Science, Penzberg, Germany). RT-PCR was performed on extracted samples for detection of 18 study pathogens, both viruses and some bacteria. Multiplex RT-PCRs were performed for parainfluenza 1--4, human coronavirus OC43/229E/NL63, influenza A and B virus, adenovirus, human rhinovirus, *Chlamydia pneumoniae*, and *Mycoplasma pneumoniae*. Monoplex RT-PCRs were performed for RSV, human metapneumovirus, *Legionella* species, bocavirus, and *S. pneumoniae*. Phocine herpesvirus and equine arteritis virus were spiked to the clinical samples and used as internal controls to monitor nucleic acid isolation and inhibition of the RT-PCR ([@CR27]). Ct values were provided for each positive result in order to estimate viral load, with lower Ct values corresponding to higher viral loads. All pediatricians and pediatric residents that were involved with delivered patient care were blinded to the RT-PCR results.

Statistical Analysis {#Sec11}
--------------------

Statistical analysis was performed using the SPSS software package (version 18.0; SPSS, Chicago, IL). Continuous variables were summarized as means or medians, and for categorical variables, percentages were calculated. To determine which independent variables significantly contributed to the prediction of the outcome of RT-PCR positive for study pathogens, a univariate analysis was performed: demographic and clinical characteristics were compared by using a Student's *t*-test or nonparametric test for continuous variables and χ^2^ or Fisher's exact test for categorical variables, as appropriate. If a significant contribution was found for any of the independent factors in the univariate analysis, they were added as variables to a logistic regression model. Crude ORs were adjusted for age and sex. In general, a *P* value of \<0.05 was considered statistically significant.
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